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Exocytosis is a durable fundamental membrane-trafficking process by which a 
cell directs membrane-bound secretory vesicles and their contents to the 
newly formed plasma membrane (PM) and extracellular space, which is also 
responsible for cell growth and morphogenesis. The tethering of secretory 
vesicles with the PM before soluble N-ethylmaleimide-sensitive factor 
attachment protein receptor (SNARE) -mediated docking and fusion is 
mediated by the exocyst complex in yeast and mammalian cells. Little is 
known about plant exocytosis. By expressing an (X)FP-tagged Arabidopsis 
homolog of the exocyst protein ExoTO in suspension cultured Arabidopsis and 
tobacco BY-2 cells, and using antibodies specific for ExoTO, a novel 
compartment termed EXPO (Exocyst j^ositive organelle) has been detected. 
Standard markers for the Golgi apparatus, the trans-Golgi network (TGN) and 
the multivesicular body (MVB)/prevacuolar compartment (PVC) in plants do 
not colocalize with EXPO. Inhibitors of the secretory pathways (brefeldin A) 
and endocytic pathways (wortmannin) are also without affect on EXPO. 
AtExo70E2-(X)FP also locates to the PM and cytosol as discrete punctae. 
iv 
Immunogold labelling of sections cut from high pressure frozen samples 
reveal EXPO to be spherical double membrane structures resembling 
autophagosomes. However, unlike autophagosomes, EXPO are not induced 
by starvation, and do not fuse with the lytic compartment or with endosomes. 
Instead, they fuse with the PM releasing a single membrane vesicle into the 
cell wall. Therefore, EXPO represents a form of unconventional secretion 
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CHAPTER 1 General Introduction 
1.1 The Plant Secretory Pathway 
The secretory pathway plays crucial roles in all eukaryotic cells. It is 
comprised of several functionally distinct organelles that are defined by their 
morphology and specific cargo or membrane proteins (Holthuis et al., 1998; 
Mellman and Warren, 2000). This pathway starts at the rough endoplasmic 
reticulum (rER)，in which proteins with signal peptide (SP) enter into the rER 
lumen and fold into proper structures upon their translation. After that, 
correctly folded proteins destined for other organelles are transported to the 
Golgi apparatus via COP II vesicles, while proteins with ER-retention signals 
are recycled back to ER via COP I vesicles (Schekman and Orci, 1996; Vitale 
and Raikhel, 1999). The miss-folded proteins within the ER are degraded via 
an ER-associated degradation (ERAD) pathway (Kincaid and Cooper, 2007). 
Proteins with vacuolar sorting determinants (VSDs) will traffic to trans-Golgi 
network (TGN) for further recruited by vacuolar sorting receptor (VSR) 
proteins to prevacuolar compartments (PVCs) via clathrin coated vesicles 
(CCVs) prior to reaching the vacuole (da Silva et al., 2005; Jiang and Rogers, 
1998; Tse et al., 2004). 
For the endocytic pathway, proteins are internalized from the plasma 
membrane (PM), followed by traffic through early endosome (EE) and late 
endosome (LE) before reaching the vacuole, where the early endosome also 
serves as a recycling endosome for the recycling of proteins back to PM (Lam 
et al. 2005; Geldner and Jurgens 2006). 
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For secretion or exocytosis, proteins lacking specific targeting signal 
are transported through the Golgi apparatus and packed into exocytic vesicles 
before delivery to the PM for their release into the cell exterior (daSilva 
Conceicao et al. 1997; Jiang and Rogers 2003; Elias et al” 2003; Zarsky et al. 
2009). Figure 1 shows the overview of protein trafficking in plant cells. 
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Figure 1 The plant secretory and endocytic pathways. 
Three routes of protein trafficking within the endomembrane system of 
plant cells have been described: (1) For the first pathway, proteins 
synthesized in the rER are transported to Golgi apparatus, TGN and then 
the LV via CCVs; (2) For the endocytic pathway, proteins internalized 
from the PM traffick through EE and LE before reaching the LV; (3) For 
secretion or exocytosis, proteins synthesized in rER pass through Golgi 
apparatus and finally secrete outside of the cell. rER , rough endoplasmic 
reticulum; TGN, trans-Golgi network; LV, lytic vacuole; CCVs, clathrin-




Exocytosis is a process by which a cell directs membrane-bound secretory 
vesicles and their contents to the newly formed plasma membrane (PM) and 
the extracellular space, which is also responsible for cell growth and 
morphogenesis (Finger and Novick, 1997; Hsu et al., 1999). 
In yeast and mammalian cells, the late stage of exocytosis is a multistep 
process involving four steps: directional transport, tethering, docking, and 
fusion of post-Golgi secretory vesicles with the PM (Liu et al., 2007). 
Exocytotic vesicles produced by the Golgi apparatus system are targeted to 
specific areas of the PM. Specific proteins, including soluble N-
ethylmaleimide-sensitive factor attachment protein receptor (SNARE) are 
involved in docking of exocytotic vesicles and fusion with the PM (Battey et 
al., 1999; Nebenfuhr, 2002; Niles and Malik, 1999; Pratelli et al” 2004; Ueda 
and Nakano, 2002). The tethering step, defined as the initial contact of 
secretory vesicles with the PM before SNARE-mediated docking and fusion is 
mediated by the exocyst complex (Guo et al., 2000; Pfeffer, 1999; Waters and 
Hughson, 2000; Whyte and Munro, 2002). 
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1.3 Exocyst complex 
1.3.1 Exocyst complex in mammalian and yeast cells 
The exocyst, an octameric protein complex identified in yeast (TerBush et al., 
1996) and mammals (Hsu et al., 1998), mediates the fusion of post-Golgi 
vesicles with the PM (He and Guo, 2009; Hsu et al., 2004). Of the eight 
proteins seven (Sec5, Sec6, Sec8, SeclO, Seel5, Exo70 and Exo84) are 
associated with the vesicle membrane, whereas Sec3 and Exo70 are recruited 
to the PM via binding to phosphatidyl (4,5) biphosphate (PIP2) (He et al., 
2007; Zhang et al., 2008). Exocyst assembly is mediated by the Rho family of 
GTPases (Hsu et al., 2004; Roumanie et al., 2005). Exocyst components are 
normally restricted to the tips of growing buds in yeast (TerBush and Novick, 
1995), whereas in mammalian cells, exocyst components are recruited to 
regions of the PM where active exocytosis and membrane growth is occurring 
(Zuo et al., 2006). The positioning of bound Sec3 and Exo70 may mediate the 
targeting of secretory vesicles to particular domains of the PM (Orlando and 
Guo, 2009). In mammals, exocyst proteins have also been found to be 
associated with the trans Golgi network (TGN) (Langevin et al., 2005; 
Yeaman et al” 2001), and with recycling endosomes (Oztan et al., 2007; 
Prigent et al., 2003). 
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1.3.2 Exocyst complex in plants 
Homologues to all 8 exocyst proteins have been found in plants (Elias et al” 
2003; Chong et al., 2010; Hala et al., 2008), but interestingly there are over 23 
paralogues ofExoTO, with AtExoTOAl being the most abundant (Synek et al., 
2006). It has recently been proposed by Zarsky et al. (2009) that the large 
number of Exo70 proteins, together with the greater number of SNAREs and 
Rab GTPases (Lipka et al., 2007; Rutherford and Moore, 2002) reflect an 
increased varibility in targeting domains for vesicle traffic in plant cells. 
Nevertheless, AtSec6, AtSecS and AtExoTOAl have been localized to the tips 
of growing pollen tubes (Cole et al., 2005; Hala et al” 2008), and AtSecS and 
AtExoTOAl appear to play crucial roles in polarized secretion in elongating 
root hairs (Wen et al., 2005) and in the stigma towards compatible pollen 
(Samuel et al” 2009). 
1.4 Project Objectives 
Exocytosis is a fundamental membrane-trafficking process directing important 
materials to PM, cell wall and extracellular spaces. However, little is known 
about the molecular mechanisms of plant exocytosis. Therefore, the goal for 
this thesis research is to characterize plant exocytosis using one of AtExoTO 
family protein AtExo70E2 as a probe, which is based on the hypothesis that 
members of AtExoTO proteins play role in mediating exocytosis in plant cells. 
Specific objectives for this thesis research include the following: 
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(1) To generate transgenic Arabidopsis and tobacco BY-2 cells expressing 
GFP fusion with AtExo70E2 (AtExo70E2-GFP); 
(2) To smdy the subcellular localizion of AtExo70E2-GFP; 
(3) To generate and characterize AtExo70E2 antibodies; 
(4) To identify and characterize the compartment or organelles involved in 
exocytosis. 
The long-term goal of this research is to illustrate the molecular 
mechanism of plant exocytosis. 
7 
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CHAPTER 2 Materials and Methods 
2.1 Plasmid construction 
All fluorescent constructs contain the cauliflower mosaic vims (CaMV) 35S 
promoter and the NOS terminator (Figure 2). The full-length AtExo70E2 
cDNA was amplified by PGR using the cDNA obtained from RIKEN 
Genomic Science Center (Seki et al., 1998; Seki et al., 2002) as template. The 
primers listed in Table 1 were used to amplify AtExo70E2 cDNA for making 
construct AtExo70E2-GFP and GFP-AtExo70E2. The amplified AtExo70E2 
cDNA fragments were inserted into a pre-made GFP vector in pBI221 via 
Xbal and Xhol restriction enzyme sites to generate AtExo70E2-GFP and 
GFP-AtExo70E2 respectively and used for transient expression. Monomeric 
red fluorescent protein (mRFP) versions of the AtExo70E2 construct were 
generated similarly. For Agrobacterium tumefaciens-rnQdrnttd transformation 
of tobacco BY-2 and Arabidopsis suspension culture cells, the AtExo70E2-
G F P C D N A fragment was cut out using Seal and EcoRI restriction enzymes, 
and cloned into the binary vector pBI121 via the same restriction sites. All 
constructs were checked by both restrictions mapping and DNA sequencing. 
8 
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Figure 2 Chimeric DNA constructs of AtExo70E2. 
GFP (green fluorescent protein) was fused either at the C-terminus of 
AtExo70E2 (AtEox70E2-GFP) or the N-terminus of AtExo70E2 
(AtExo70E2-GFP), RFP was fused at the C-terminus of AtExo70E2 
(AtEox70E2-RFP). These fusion constructs were under the control of the 
cauliflower mosaic virus 35S promoter and the 3' NOS terminator. 
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Table 1 Primers used to generate AtExo70E2 constructs 
‘ Restriction 
For Construct Primer Sequence Direction sites (bold 
italicized) 
GGGACTAGTATGGCA 
AtExo70E2-GFP Forward Spel 
GAGTTTGATTCCAAGG 
GGGCTCGAGTCTCTTA 
AtExo70E2-GFP Reverse Xhol 
CGAGAGCTGCGCA 
GGGACTAGTATGGCA 
GFP-AtExo70E2 Forward Spel 
GAGTTT GATTCCAAGG 
GGGCTCGAGTCATCTC 
GFP-AtExo70E2 Reverse Xhol 
TTACGAGA GCTGCGC 
GGGACTAGTATGGCA 
AtExo70E2-RFP Forward Spel 
GAGTTTGATTCCAAGG 
“GGGGGTACCTCTCTTA 
AtExo70E2-RFP Reverse Kpnl 
CGAGAGCTGCGC 
10 
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2.2 Expression and Purification of Recombinant Protein 
AtExo70E2 was split into two parts, N-terminus (first 300aa from N-terminus) 
and C-terminus (the remaining protein sequence). Both N-terminus and C-
terminus of AtExo70E2 were amplified by PGR using AtExo70E2-GFP as 
template. The primers listed in Table 2 were used to amplify AtExo70E2 
cDNA fragments for making construct His-AtExo70E2NT and His-
AtExo70E2CT. These amplified fragments were inserted into pET30a (+) 
vector via the EcoRI and Xhol restriction sites, and then transferred into E 
coli. strain BL21 for expression. 
When OD600 of the bacterial culture reached 0.6, 1 mM IPTG was 
added into the culture. 4 hours later, the culture was harvested by 
centrifugation at 14000 rpm for 10 minutes. The expressed recombinant 
proteins were harvested by sonicating the cell pellets in cell lysis buffer (20 
mM sodium phosphate, 0.5 M NaCl, 1 mM EDTA, 0.1% Triton X-100, 0.1% 
NP-40, ImM PMSF and ImM TCEP, pH 7.0) for 10 mins, and centrifiiged at 
12,000 X g for 15 minutes to collect the supematants. The supernatants were 
then purified using HiTrap IMAC HP Column (GE Healthcare, Sweden) 
coated with Nickel(II) sulfate hexahydrate. Bacteria transformed with pET_ 
30a (+) vectors were used as a control. 
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Table 2 Primers used to generate AtExo70E2 recombinant protein 
constructs 
‘ T Restriction 















2.3 Transient Expression oi Arabidopsis Protoplasts 
Transient expression using Arabidopsis protoplasts has been described 
previously (Miao and Jiang, 2007). 50 ml 5-day-old Arabidopsis thaliana cell 
suspension cultures (ecotype Landsberg erecta) PSB-D cells were pelleted by 
centrifugation at 1,000 rpm for 2 min and digested with 1% (w/v) Onozuka 
cellulose, 0.05% (w/v) pectinase and 0.2% (w/v) driselase in protoplast cultur 
medium (4.3g/L MS salts, 0.4M sucrose, 500mg/L MES hydrate，750mg/L 
CaCl2'2H20, 250mg/L NH4NO3, pH 5.7) for 3 hr with shaking at 130 rpm in 
dark. Afterwards, the digested protoplasts were centrifuged at 80 g for 15 min 
using a swing bucket rotor without deceleration. A Pasteur pipette was 
inserted through the floating protoplasts layer to suck out the underlying 
solution by a peristaltic pump. 35 ml of electroporation buffer (0.4M sucrose, 
2.4g/L HEPES, 6g/L KCl, 600 mg/L CaCl2.2H20, pH7.2) was added and the 
centrifugation/ washing cycle was repeated twice. The protoplasts were 
resuspended to 2-5 x 10^  protoplasts per ml using electroporation buffer. 
Using a curtailed pipette tip, aliquots of 500 |Lil protoplasts were transferred to 
0.4 cm gap electroporation cuvettes and mixed with 100 |il DNA solutions 
containing 40 \ig of each DNA of interest dissolved in electroporation buffer. 
The mixture was allowed to stand for 10 min before electroporation at 130 V, 
1000 |iF, 00 Q. The electroporated protoplasts were allowed to stand for 30 
min before underlying debris were removed and mixing with 1 ml protoplast 
culture medium and poured into 30 mm x 15 mm Petri dishes. An addition 1 
ml protoplast culture medium was added and poured in to the Petri dishes. 
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Transfected protoplasts were incubated at 26�C in dark before confocal 
observation. Protoplasts were observed for fluorescent signals by confocal 
microscopy at 12-18 hr after transformation. 
2.4 Transformation of Tobacco BY-2 and Arabidopsis Cells 
Transformation and generation of transgenic tobacco BY-2 cells have also 
been described (Lam et al., 2007a; Tse et al” 2004). The construct of 
AtExo70E2-GFP in pBI121 was transformed into BY-2 cells by 
Agrobacterum-mQdidiiQd method. A tube of 30 |il of frozen A. tumefaciens 
LBA4404 competent cells was thawed on ice. Then, 1 of plasmid DNA was 
added and kept on ice for 1 min. The mixture was transferred to a pre-chilled 
0.2 cm electroporation cuvette (Bio-Rad，Hercules, CA). An electric pulse of 
25 iiF, 2.5 kV and 600 Q was applied with the use of Gene Pulser (Bio-Rad, 
Hercules, CA). 1 ml of YEP medium (1% (w/v) Bacto yeast extract, 1% (w/v) 
Bacto peptone, 0.5% (w/v) NaCl, pH7.0)was added immediately after the 
pulse. The bacterial suspension was then shaken at 200 rpm at 28°C for 2 hr 
before spread ton YEP agar plate containing kanamycin (50 pg/ml) and 
streptomycin (100 pg/ml) and grown at 28°C for 2 days. Transformants were 
checked by colony PGR. 
Transformed A. tumefaciens was cultured in 2 ml YEP medium 
supplemented with kanamycin (50 ^ig/ml) and streptomycin (100 jug/ml), and 
shaken at 200 rpm at 28°C for 16 hr. Then, 200 ul was withdrawn and co-
14 
cultivated with 4 ml of three-day-old wild type suspension BY-2 cells at 28°C 
for 2 days in dark. 
Transfected BY-2 cells were transferred onto Murashige and Skoog 
(MS) medium (Sigma-Aldrich) agar (1% agar, w/v) plates containing 
kanamycin (50 \ig/m\) and cefotaxime (250 ^g/ml) and incubated at room 
temperature for 3 to 4 weeks until transformed colonies were visible. Resistant 
cell colonies were subjected to preliminary screening for GFP signals and 
patterns via confocal immunofluorescence. Selected transgenic cell lines were 
further transferred into MS liquid medium containing kanamycin to initiate 
suspension culture and used for subsequent analysis. Transgenic BY-2 cell 
lines were maintained in both liquid and solid culture via subculturing (twice 
per week for suspension cultures and twice per month for calli on agar plates). 
For the generation of transgenic Arabidopsis cells, Arabidopsis cells 
were maintained in MS medium at 22�C in an orbital shaker set at 130 rpm 
and subcultured once a week. Agrobacterium-transfected Arabidopsis cells 
were transferred into CELLSTAR 6 well cell culture plate (Greiner bio-one, 
Germany) and shaken at 25°C in an orbital shaker setting at 130 rpm for 2 
days. After washing with fresh MS medium three times, the transfected cells 
were transferred onto MS agar (1% agar, w/v) plates containing kanamycin 
(50 g/ml) and cefotaxime sodium (250 g/ml) for 3 to 4 weeks until 
transformed colonies formed. Subsequent screening and maintenance of 




Five synthetic peptides within AtExo70E2 (Figure 3) were synthesized 
(GenScript, USA) and used as antigens to raise antibodies as described 
previously (Lam et al., 2007a; Rogers et al., 1997; Tse et al., 2004). Each 
synthetic peptide was conjugated with mariculture keyhole limpet hemocyanin 
(mc-KLH) and used to immunize two rabbits at the animal house of the 
Chinese University of Hong Kong (CUHK) and two rabbits in GenScript 
company respectively. The generated antibodies were further affinity-purified 
with a CnBr-activated Sepharose (Sigma-Aldrich; catalog No. C9142-15G) 
column conjugated with synthetic peptides as described previously (Rogers et 
al., 1997; Tse et al., 2004). Similarly, E. coli-derived recombinant N-terminus 
(first 300aa from N-terminus) and C-terminus (the remaining protein 
sequence) of AtExo70E2 were also used as antigens for antibody generation, 
the antibodies were then affinity-purified using a CnBr-activated Sepharose 
(Sigma-Aldrich; catalog No. C9142-15G) column conjugated with 
recombinant protein. 
Polyclonal antibodies against VSRam and ManI were described 
previously (Tse et al., 2004). GFP antibodies were purchased from Molecular 
Probes (catalog No. A-11122) or generated using recombinant GFP purchased 
from Roche Applied Science (catalog No. 1,814,524) as antigens to inject 
rabbits at the CUHK and then affinity-purified using a CnBr-activated 
Sepharose (Sigma-Aldrich) column conjugated with recombinant GFP. For 
immunoblotting and confocal immunofluorescent analysis, antibodies were 
16 
used at 4 \xg/m\ (Wang et al” 2009; Wang et al” 2007). Polyclonal Alexa 
fluor-568 anti-rabbit antibodies (Molecular Probes, USA) were used as 
secondary antibodies for immunofluorescent detection. 
17 
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Figure 3 Generation of AtExo70E2 antibodies 
�A) Antigenicity and hydrophilicity index of AtExo70E2.Highlighted 
regions, indicated by a to e, represent the regions of synthesizing 
peptides to be used for antibody generation. 
�B) Amino acid sequences of the synthetic peptides used for antibody 
generation. 
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2.6 Immunofluorescent Studies 
Fixation and preparation of tobacco BY-2 and their labeling and analysis by 
confocal immunofluorescence have been described previously (Jiang et al., 
2000; Jiang and Rogers, 1998; Lam et al” 2007a; Ritzenthaler et al., 2002; Tse 
et al., 2004). 
Three-day-old Nicotiana tabacum BY-2 cells expressing AtExo70E2-
GFP were fixed in 37% (w/v) paraformaldehyde dissolved in Na-phosphate 
buffer (50 mM sodium phosphate buffer, pH 7.0, 5 mM EGTA, 0.02% (w/v) 
Azide) at 4 � C overnight. Afterwards, the cells were washed two times with 
Na-phosphate buffer and incubated for 20 min with 1% (w/v) Cellulysin 
cellulase (Calbiochem, La Jolla, CA). After two more washes with Na-
phosphate buffer, the cells were treated with 0.1% (v/v) Triton X-100 before 
washed two times in blocking buffer B1 (1% (w/v) BSA dissolved in PBS). 
Fixed cells were incubated with polyclonal or monoclonal antibodies at 4 
^g/ml dissolved in blocking buffer B2 (PBS, 0.25% (w/v) BSA, 0.25% (w/v) 
gelatin, 0.05% (v/v) NP-40, 0.02% (w/v) sodium azide) at 4°C overnight. 
Then, they were washed in B2 for three times and incubated with Alexa Fluor-
568 secondary antibody (Molecular Probes, Eugene, OR) at 1:300 for 1 hr at 
room temperature, finally washed with B2 three times before confocal 
imaging. 
Confocal fluorescent images were collected using an Olympus 
FluoView FVI000 confocal microscope (Olympus, Japan) with 60X water 
lens or Leica TCS SP5 II confocal microscope (Leica, Japan) with 63X water 
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lens. The settings for collecting confocal images and processing of images 
using Adobe Photoshop software were described previously (Jiang and 
Rogers, 1998). 
2.7 FM4-64 Uptake Study 
Two transgenic Arabidopsis and BY-2 cell lines expressing AtExo70E2-GFP 
were used in FM4-64 uptake study. FM4-64 uptake experiments were 
performed as previously described (Lam et al., 2008; Lam et al., 2007a; Tse et 
al., 2004). Images were collected at different time points as indicated. 
The transgenic Arabidopsis and BY-2 cell lines were first washed with 
MS liquid medium, followed by the addition of FM4-64 (from a 12 mM stock 
and diluted to working solution at 12 |LIM with MS liquid medium just before 
use) to 500 ml of cultured cells to reach the final concentration and incubated 
on ice for 10 min. The FM4-64—treated cells were then washed with ice-cold 
MS medium several times and transferred onto a slide with medium for time-
course observation and image collection using an Olympus FluoView FVIOOO 
confocal microscope (Olympus, Japan) with 60X water lens. 
Images were processed using Adobe Photoshop software as described 
previously (Jiang and Rogers, 1998). 
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2.8 Drug Treatments 
Brefeldin A (BFA) and wortmannin treatments were performed as previously 
described (Lam et al” 2007a; Miao et al., 2006; Tse et al” 2004). 
For BFA experiments, aliquots of BFA (Sigma-Aldrich; B-6542; stock 
solution at 2.5 mg/mL in DMSO) solution were added to transfected 
protoplasts or 2- to 3-d-old suspension cultures at log phase to give the final 
concentration of 10 ^ig/ml and incubated for 60 min, for direct confocal 
imaging. 
For wortmannin experiments, aliquots of the wortmannin (stock 
solution at 2.5 mg/mL in DMSO) solution were added to transfected 
protoplasts or BY-2 cells to give the final concentration of 16.5 i^M, followed 
by 60 min incubation and cell collections for direct confocal imaging (Tse et 
al., 2004). 
All these experiments were repeated at least twice with similar results. 
2.9 Electron Microscope of Resin-Embedded Cells 
The general procedures for transmission electron microscopy (TEM) sample 
preparation and thin sectioning of samples of BY-2 Arabidopsis cells were 
performed essentially as described previously (Lam et al., 2007a; Ritzenthaler 
et al., 2002; Tse et al” 2004). 
For high pressure freezing, BY-2 and Arabidopsis cells were harvested 
by filtering and immediately frozen in a high-pressure freezing apparatus (EM 
Part2, Leica, Germany, and Bal-Tec HPMOlO, Lichtenstein). For subsequent 
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freeze substitution, the frozen samples were first kept at -85°C for 60 hr, then 
gradually warmed up to 0°C over 18 hr. Substitution was performed in an 
AFS freeze-substitution unit (Leica). The substitution medium (dry acetone) 
was supplemented with 0.1% (w/v) uranyl acetate. When the samples reached 
0°C, the medium was replaced with 100% ethanol, which was again changed 
to fresh 100% ethanol 10 min later. The cells were then infiltrated stepwise 
with HM20 at _20°C, embedded, and polymerized under UV light. 
The embedded samples were cut into 70 nm-thick sections using a 
Reichert Ultracut S microtome (Leica Microsystems), and collected on nickel 
grids (GIOOH-Ni, EMS, Hatfield, PA) pre-coated with 0.6% (w/v) Formvar 
dissolved in chloroform. 
Immunolabeling on HM20 sections was done using standard 
procedures as described previously (Tse et al” 2004) with AtExo70E2 
antibodies at 65|Lig/ml and GFP antibodies at 40 ！ig/ml and gold-coupled 
secondary antibodies at 1:50 dilution. Immunolabeled sections were post-
stained in aqueous uranyl acetate (1% w/v) for 5 min and washed in ddH20 
for 3 times, then stained with Reynolds lead citrate for 5 min and washed in 
ddH20 for 3 times. Sections were then examined with a either a Hitachi 
H7650 transmission electron microscope (Hitachi high-technologies 
Corporation, Japan) with MacroFire monochrome CCD camera (Optronics, 
USA) operating at 80 kV described previously (Tse et al., 2004; Wang et al, 
2007)，or a JEM1400 (JEOL, Japan) with images being recorded with a 
FastScan F214 digital camera (TVIPS, Germany). 
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2.10 Sucrose Starvation 
The general procedures for suspension culture BY-2 and Arabidopsis cells 
sucrose starvation were performed essentially as described previously 
(Moriyasu and Inoue, 2008). 
The whole procedure contains the following steps: transfer a culture (4-
day-old cells, 1-40 ml depending on experiments) to a 15-ml or 50-ml 
centrifuge tube. Centrifuge at 100 x g for 5 min to pellet the cells. Remove the 
supernatant fraction and add the original volume of the culture medium 
lacking sucrose. Resuspend the cells with gentle shaking. Pellet the cells again 
by centrifugation (wash step). Remove the supernatant fraction, and add the 
same volume of the culture medium lacking sucrose. Resuspend the cells. 
Transfer the cell suspension to a conical flask, culture at RT with a rotation of 
110 rpm for 24 hr before direct confocal imaging. 
The sucrose starvation experiment was repeated at least twice with 
similar results. 
2.11 Chemical Screening 
For chemical screening, the chemical library was kindly provided by Natasha 
Raikhel (University of California, Riverside). This library, containing a total 
of 360 chemical compounds, has been pre-screened to have effect on normal 
growth of Arabidopsis plant. 
Aliquots of each chemical compound (stock solution at 5mM in 
DMSO) solution were added to 2- to 3-d-old suspension cultures at log phase 
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to give the final concentration of SO^iM and incubated in 96-well plate in RT 
for 2 hr, for direct confocal imaging. 
Each chemical compound screening was repeated at least twice with 
similar results. 
Accession Number 
Sequence data for AtExo70E2 cDNA can be found in the GenBank/EMBL 
data libraries under accession number NM_001037039 (At5g61010). 
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CHAPTER 3 Results 
3.1 Expression of (X)FP-tagged AtExo70E2 in Arabidopsis 
protoplasts 
Transient expression was first used to study the subcellular localization of 
AtExo70E2. GFP- and RFP-tagged constructs of AtExo70E2 were prepared 
and expressed in protoplasts obtained from Arabidopsis suspension cultured 
cells under the control of the 35S promoter and the 3, Nos terminator. As 
shown in Figure 4, AtExo70E2-GFP gave rise to punctate flourescence 
located both at the PM and within the cytoplasm. Coexpression of different 
combinations of C- and N-terminally (X)FP tagged AtExo70E2 showed that 
neither the distribution nor the size of the fluorescent punctae is affected by 
the position or type of fluorescent tag. 
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Figure 4 Expression of (X)FP-tagged AtExo70E2 in Arabidopsis 
protoplasts. 
Colocalization of AtExo70E2-mRFP with AtExo70E2-GFP (panel 1) or 
GFP-AtExo70E2 (panel 2) in Arabidopsis protoplasts, indicating that 
neither the position nor type of fluorescent tag affects the distribution or 
the size of the fluorescent punctae. DIC, differential interference contrast. 
Scale bar = 50 |im. 
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3.2 AtExo70E2 labels the PM and organelles which do not lie on 
the secretory or endocytic pathways 
I next co-expressed AtExo70E2-(X)FP in Arabidopsis protoplasts with 
fluorescent marker proteins characteristic for the Golgi apparatus (Nebenfuhr 
et al” 1999; Tse et al” 2004)，the prevacuolar compartment/late endosome 
(PVC/LE) (Miao et al” 2006), the TGN/early endosome (EE) and the PM 
(Lam et al., 2007a; Sanderfoot et al., 2001; Uemura et al., 2004). Although a 
clear localization to the PM in the form of discrete puncta was observed 
(Figure 5, panel 3), the cytosolic fluorescent puncta did not colocalize with 
any of the standard endomembrane markers (Figure 5, panels 1-3). I checked 
out this novel expression pattern by applying known inhibitors of the 
secretory and endocytic pathways in plants (Lam et al” 2009; Lam et al., 
2007b; Robinson et al., 2008a; Robinson et al., 2008b). 
I also applied brefeldin A (BFA), which blocks the function of ARF-
GEFS and interferes with vesicle trafficking (Anders and Jurgens, 2008). 
However, since the Arabidopsis protoplasts were prepared from a suspension 
culture originally derived from roots, BFA did not cause the cw-Golgi marker 
Manl-mRFP to redistribute into the ER (Figure 6, panel 1). This is because 
Arabidopsis root cells, unlike tobacco cells, have a Golgi-localized BFA-
resistant ARF-GEF (GNLl; (Richter et al., 2007; Teh and Moore, 2007)). 
Nevertheless, a slight aggregation of the Golgi signal was registered, but this 
effect was not shared by the AtExo70E2-GFP signal. Similarly, a small 
enlargement of the TGN signal (from GFP-OsSCAMPl) resulted from BFA 
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treatment, but again the AtExo70E2-mRFP was unaffected (Figure 6，panel 
2). I then tried wortmannnin, which is known to block transport to the vacuole 
(daSilva et al., 2005) and characteristically causes the PVC/LE to dilate (Tse 
et al” 2004). Such an enlargement of the PVC marker mRFP-AtVSR2 was 
recorded for Arabidopsis protoplasts upon treatment with wortmannin, but this 
was without effect on the AtExo70E2-GFP signal (Figure 6，panel 3). The 
punctate AtExo70E2-GFP signals were also completely unaffected by the 
overexpression of Secl2 which inhibits COPII vesicle formation at the ER 
(Phillipson et al., 2001), and consequently leads to the accumulation of Golgi 
enzymes (e.g. Manl-mRFP) in the ER (Figure 6，panel 4). 
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Figure 5 AtExo70E2 localizes as discrete punctate signals at the PM 
and in the cytosol, but does not colocalize with standard organelle 
markers. 
Arabidopsis protoplasts were co-electroporated with AtExo70E2-(X)FP 
and the DNA of the Golgi marker Manl-mRFP (panel 1), the PVC marker 
mRFP-AtVSR2 (panel 2) and the PM plus TGN marker GFP-OsSCAMPl 
(panel 3). After 13-16 hours of expression, the protoplasts were observed 
in a confocal laser scanning microscopy (CLSM). DIG, differential 
interference contrast; PVC, prevacuolar compartment; LE, late endosome; 
PM, plasma membrane; EE, early endosome; TGN, trans-Golgi network. 
Scale bar = 50 |im. 
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Figure 6 AtExo70E2-posit ive organelles (EXPO) are not affected by 
secretory and endocytosis inhibitors. 
Arabidopsis protoplasts were co-electroporated with AtExo70E2-(X)FP 
and the Golgi marker Manl-mRFP (panels 1, 4), the PM plus TGN marker 
GFP-OsSCAMPl (panel 2) and the PVC marker mRFP-AtVSR2 (panel 3), 
and treated with BFA (panels 1-2) or wortmannin (panel 3) for 1 hour 
before observing in the CLSM. For inhibition of ER export, protoplasts 
expressing both AtExo70E2-GFP and Manl-mRFP were additionally 
electroporated with Secl2 (panel 4). DIG, differential interference contrast; 
PM, plasma membrane; EE, early endosome; TGN, trans-Golgi network; 
PVC, prevacuolar compartment; LE, late endosome. Scale bar 二 50 pm. 
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3.3 Transgenic Arabidopsis and tobacco BY-2 cell lines expressing 
AtExo70E2, and AtExo70E2-specific antibodies help in 
identifying Exocyst-positive organelles (EXPO) 
To gain further information on the AtExo70E2-positive organelles that were 
observed by transient expression, I generated stable cell lines of suspension-
cultured Arabidopsis and tobacco BY-2 cells expressing AtExo70E2-GFP and 
also raised polyclonal antibodies. The fluorescent signals exhibited by both 
cell lines closely resembled the distribution of AtExo70E2 in transient 
expression, with randomly distributed puncta at the cell surface and within the 
cytoplasm (Figure 7, A panels 1-4). In western blots, both AtExoTO E2 
antibodies (E2a) and GFP antibodies recognized a protein of the expected 
molecular mass (100 kDa) for AtExo70E2-GFP fosion in the transformed cell 
lines, considerably more in the cytosolic than in the membrane fractions 
(Figure 7，B). The E2a antibodies were also able to detect endogenous 
AtExo70E2 in the soluble fraction in the wild type Arabidopsis cell culture, 
but only after prolonged exposure periods. This was not possible with wild 
type (wt) tobacco BY-2 cells. The E2a antibodies were generated against a 
synthetic peptide within the N-terminus of AtExo70E2 (peptide d), and only 
recognized this domain of the E. coli-derived recombinant protein (Figure 7， 
B), which was also used as antigen to generate AtExo70E2b (E2b) antibodies. 
I performed immunofluorescence on the two transgenic cell lines with the 
E2a/b antibodies, and obtained a very good colocalization between the GFP 
and Alexa Fluor signals (Figure 7，C, panics 5-8). 
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Using the transgenic AtExo70E2 tobacco BY-2 cell line I repeated the 
localization experiments using antibodies directed against the standard 
organelle markers for the Golgi, the TGN and the PVC/LE (ManI, SCAMPI, 
VSR respectively). No colocalization of fluorescent signals was observed 
(Figure 8). 
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Figure 7 Transgenic suspension cultures of Arabidopsis and tobacco 
BY-2 stably expressing AtExo70E2. 
(A) The expression patterns ofAtExo70E2 in both cell lines are similar to 
that seen by transient expression in protoplasts. 
(B) Specificity of rabbit polyclonal anti-E2a/b antibodies generated against 
the synthetic peptide d or recombinant 300 aa N-terminus of AtExo70E2. 
CS 二 total cytosolic proteins; CM 二 total membrane proteins. NT or CT = 
N- or C-termini of recombinant AtExo70E2. 
(C) AtExo70E2a/b antibodies specifically recognize the AtEx070E-GFP 
signals in both Arabidopsis (panels 5-6) and BY-2 (panels 7-8) transgenic 
cell lines. DIG, differential interference contrast. Scale bar = 50 i^m. 
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Figure 8 AtExo70-GFP-positive organelles are distinct from known 
secretory compartments. 
Transgenic tobacco BY-2 cells expressing AtExo70E2-GFP fosion proteins 
were chemically fixed and labeled with antibodies for the Golgi (panel 1), 
the TGN (panel 2) and the PVC (panel 3), followed by confocal imaging. 
Die, differential interference contrast; PVC, prevacuolar compartment; 
LE, late endosome; EE, early endosome; TGN, trans-Golgi network. Scale 
bar = 50 |im. 
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3.4 EXPO do not label with FM4-64 
In order to determine whether EXPO were endocytic organelles, I performed 
uptake experiments with the endocytic styryl dye FM4-64. This dye initially 
stains the PM before being internalized, first to the TGN/EE, then the PVC/EE 
before reaching the tonoplast (Bolte et al., 2004; Tse et al., 2004). Over a 60 
min time course FM4-64 was taken up by both transgenic cell lines and gave 
rise to small fluorescent puncta. At no stage during the uptake period with 
either cell line was a colocalization with EXPO detected (Figure 9，A, B, 
panels 1-6), indicating that EXPO is not an endocytic organelle. 
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Figure 9 Time-course of FM4-64 uptake in transgenic Arabidopsis and 
BY-2 cell lines stably expressing AtExo70E2-GFP. 
At no time there is a colocalization to be seen between internalized FM4-
64 and the AtExo70E2-GFP signals in Arabidopsis (panels 1-3) or BY-2 
(panels 4-6). 
{Ps) Arabidopsis cell line. 
(B) tobacco BY-2 cell lines. 
Die, differential interference contrast. Scale bars = 50 [im. 
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3.5 EXPO are exocytic double membraned organelles 
The ultrastructure of EXPO and the PM-localized AtExo70E2-positive puncta 
was revealed by immunogold labelling of thin sections cut from high pressure 
frozen/freeze-substituted samples of wild type Arabidopsis cells and 
transgenic BY-2 cells expressing AtExo70E2-GFP using E2 and GFP 
antibodies respectively. Labelling on both cell types was very specific with 
gold particles being found over two types of structure. One was a double 
membrane-bound structure in size of about 200nm (Figure 10，panel 1 left), 
the contents of which was very similar to the surrounding cytoplasm. Gold 
label was present on both the inner and outer membranes. I interpret these 
structures as representing the EXPO in the confocal laser scanning 
microscopy (CLSM). The other structure was an unusual fusion-like profile at 
the PM (Figure 10), which we presume corresponds to the AtExo70E2-
positive punctae at the PM seen in the CLSM (Figure 4，Figure 5，Figure 6， 
Figure 7 and Figure 9). 
The fusion of the outer membrane of the EXPO with the PM leads to 
the expulsion of a single membrane-bound structure into the apoplast (Figure 
10). The inner surface of this membrane is also labelled (Figure 10)，and 
confirms that AtExo70E2 is attached to both the inner and outer membranes 
of the EXPO. Gold label was also found in the cell wall in the vicinity of the 
EXPO fusion profiles (Figure 10，panel 2 right), suggesting that AtExo70E2 
detaches from the surface of the inner membrane after its release into the 
apoplast and bursting. 
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Glancing sections through the PM allowed for a differentiation between 
clathrin-coated pits (CCP) and similarly sized electron-opaque AtExo70E2-
positive patches in transgenic Arabidopsis cells expressing AtExo70E2-GFP 
using GFP antibodies (Figure 11，A). I managed to visualize these structures 
in cross-section, but were not able to ascertain an inwardly directed membrane 
fold (Figure 11，B). Therefore, I interpret these structures as representing the 
ultimate stage in the fusion of EXPO with the PM. 
Interestingly, in both transgenic Arabidopsis and tobacco BY-2 cells 
expressing AtExo70E2-GFP, stronger GFP signals representing punctate 
EXPO are commonly visible in PM/cell wall (CW) areas connecting two cells 
as compared to other areas facing directly against the media (Figure 12，Fig. 
7A, panels 1-2). Indeed, in the EM single-membrane EXPOs are commonly 
found at this location (Figure 12，Fig. 7B). Taken together, all the above data 
suggest a model of EXPO being formed inside the cells as a double-membrane 
structure, followed by its fusion with the PM and releasing into the apoplast a 
single-membrane organelle, which is likely disrupted eventually to release its 
contents (Figure 12，Fig. 7C). 
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Figure 10 AtExo70E2-positive organelles (EXPO) have two 
membranes and fuse with the PM expelling a single membrane vesicle 
into the apoplast. 
Immunogold labelling of sections cut from high pressure frozen/freeze-
substituted samples of tobacco BY-2 cells. Label is distributed over both 
membranes of the EXPO. Scale bars = 200 nm. 
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Figure 11 Immunogold labelling of EXPO/PM fusions. 
(A) Tangential sections through the PM-cell wall interface showing that 
clathrin-coated pits (CCP) are separate from AtExo70E2 labelled electron 
opaque patches. 
(B) Cross sections through the PM-cell wall interface. The AtExo70E2-
positive patches do not reveal clearly ftision profiles. I interpret these as 
being the remains of fusions, where exocyst molecules are still attached to 
the PM. Scale bars = 200 nm. 
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Figure 12 Likely nature of EXPO release in plant cells. 
A： GFP-positive EXPOs are more abundant in PM/CW areas connecting 
two cells in transgenic Arabidopsis (panel 1) and BY-2 (panel 2) cells 
expressing AtExo70E2-GFP. Scale bars = 50 i^m. 
B： ImmunoEM detection of released EXPOs in the apoplasts of adjacent 
transgenic BY-2 cells expressing AtExo70E2-GFP using high pressure 
freezing. Scale bars = 200 nm. 
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3.6 EXPO are true organelles in the cytoplasm that are not 
induced by sucrose starvation 
Since many of the sectioned EXPO were found in close proximity to the PM 
there was a possibility that some were attached to the PM in planes above or 
below the section. However, serial optical sections in the CLSM clearly 
confirmed the cytosolic nature of the EXPO (Figure 13). In addition, no 
significant changes of EXPO numbers were observed in both transgenic 
Arabidopsis cells and BY-2 cells expressing AtExo70E2-GFP before and after 
sucrose starvation (Figure 14). 
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Figure 13 EXPO are cytosolic and not associated with plasma 
membrane. 
Shown are examples of series optical sections of confocal images from top 
to button of transgenic Arabidopsis (A) or tobacco BY-2 cells (B) 
expressing AtExo70E2-GFP or BY-2 cells (C) expressing OsSCAMPl-
YFP (Lam et al., 2007a) as a control. Arrows and arrowheads indicated 
examples of EXPO not associated with the plasma membrane. Scale bar = 
50 ^m. 
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Figure 14 EXPO are not induced by sucrose starvation. 
Shown are representative examples of transgenic Arabidopsis and BY-2 
cells expressing AtExo70E2-GFP under normal (panel 1) and starvation 
(panel 2) cultured conditions after 24 hrs. Scale bar 二 50 \im. 
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3.7 EXPO can be specifically affected by one chemical compound 
Since the AtExo70E2-positive organelles (EXPO) are not affected by either 
the secretory or the endocytic inhibitors, I also want to investigate the 
molecular characteristics of EXPO via screening various chemical compounds 
for their effects on GFP-tagged EXPO in transgenic tobacco BY-2 cells 
expressing AtExo70E2-GFP. As controls, I used transgenic BY-2 cells 
expressing the two Golgi markers GONSTl-YFP and Manl-GFP. As shown 
in Figure 15，one chemical compound P2C02 was identified to specifically 
affect the subcellular localization of EXPO: upon treatment with this chemical 
compound, many of the GFP-tagged EXPO in the cytosol were found to be 
internalized into the nuleus in transgenice BY-2 cells (Figure 15, panels 1-2), 
while the Golgi organelles remained unaffected by the same chemical 
compound in transgenic BY-2 cells expressing GONSTl-YFP and Manl-GFP 
(Figure 15, panels 3-6). 
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Figure 15 The chemical compound P2C02 caused EXPO to relocate 
from cytosol into the nucleus. 
(A) Relocation of EXPO from cytosol into the nuleus upon chemical 
compound P2C02 treatment in transgenic BY-2 cells exprssing 
AtExo70E2-GFP; 
(B) & (C) Chemical compound P2C02 treatment caused the Golgi to form 
aggregates in transgenic BY-2 cells expressing the Golgi marker GONSTl-
YFP (B) and Manl-GFP (C). 
DIC, differential interference contrast. Scale bar = 50 ^m. 
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CHAPTER 4 Discussion and Future Perspectives 
4.1 Discussion 
4.1.1 Exocyst and EXPO 
Together with the conserved oligomeric Golgi (COG) complex, Golgi-
associated retrograde protein (GARP) complex, homotypic fusion and vacuole 
protein sorting (HOPS) complex and transport protein particle (TRAPP) 
complex, the exocyst belongs to the sub-group of vesicle tethering factors 
which are multimeric protein complexes (Cai et al., 2007; Sztul and Lupashin, 
2006). Since these tethering complexes are evolutionary conserved 
(Koumandou et al” 2007), their presence in plants should not come as a 
surprise. Indeed, considerable data has accumulated over the last five years 
which confirm the existence of the exocyst in plants and its importance for 
polarized plant growth (Zarsky et al” 2009). Not only has in silco research 
resulted in the identification of homologues of all exocyst subunits (Chong et 
al., 2010; Elias et al” 2003; Synek et al., 2006), but a 900 kDa complex 
containing seven of the eight exocyst subunits has recently been successfully 
identified from an Arabidopsis cell extract (Hala et al” 2008). Moreover, a 
number of studies have described the deleterious effects on growth, especially 
localized tip groth in pollen tubes and root hairs in plants expressing mutant 
exocyst proteins (Cole et al., 2005; Hala et al., 2008; Samuel et al” 2009; 
Synek et al., 2006; Wen et al., 2005). 
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The subcellular localization of exocyst subunit proteins in plants has 
been performed on two previous occasions using fluorescence microscopy. 
Hala et al. (2008) showed by immunofluorescence microscopy that AtSec6, 
AtSecS and AtExoTOAl-positive structures accumulated at the tips of growing 
Arabidopsis pollen tubes. Discrete puncta at the PM were also reported but 
not shown. Most recently, Chong et al. (2010)，looked at the short-term (6h) 
expression of GFP- (N-terminal) -tagged AtSec5a, AtSec6, AtSecS, 
AtSecl5a, AtSecl5b, and AtExo84b in tobacco BY-2 cells. While AtSec6 and 
AtSecS gave rise to a cytosolic signal, AtSecSa, AtSecl5a, AtSecl5b and 
AtExo84b localized in addition to puncta within the cytosol. These authors 
also performed immunofluorescence on cells coexpressing GFP-tagged 
markers for the TGN and PVC (Syp21, Syp42 and Syp52), together with myc-
tagged AtSeclSb and AtExo70E2 and presented images from which they 
claimed to have visualized "significant overlapping patterns of localization" 
between the exocyst proteins and the endosomal markers. Curiously, no 
labelling of the PM was seen. Neither of these papers presented supporting 
data obtained by immunogold electron microscopy. 
The fluorescence microscopy data on the localization of AtExo70E2 is 
at considerable variance to the results of Chong et al. (2010). Not only was I 
able to visualize AtExo70E2 as discrete puncta in cells expressing (X)FP-
tagged constructs, but also by immunofluorescence. Significantly, AtExo70E2 
was also present at the PM, again in the form of discrete puncta. Studies with 
standard endomembrane markers also ruled out the localization of AtExo70E2 
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to the Golgi apparatus, the TGN/EE and the PVC/LE. Significantly, the 
AtExo70E2-positive structures, which I termed EXPO, did not label with the 
endocytic dye FM4-64, and did not respond to inhibitors of secretion or 
endocytosis. These unusual features are, however, conform with the novel 
ultrastructure of EXPO and EXPO-fusion profiles as revealed in immunogold 
labelled sections taken from high pressure frozen samples. 
I have wondered why EXPO-like structures have not previously been 
reported in the plant literature, even though high pressure freezing/freeze 
substitution is no longer that uncommon. However, I would like to point to 
two early papers of Andrew Staehelin where freeze fracturing was performed 
after rapid freezing (both propane-jet and high pressure freezing) of 
suspension-cultured cells (Staehelin and Chapman, 1987) and root tips (Craig 
and Staehelin, 1988). In both cell types, novel circular - sometimes horse 
shoe-like 一 indentations in the PM were visualized. These structures were 
clearly distinguishable from clathrin-coated pits. I think that these might 
probably represent images of EXPO fusing with the PM. Although there are 
several reports that exocyst proteins localize to the TGN and recycling 
endosomes (see Introduction), the great majority of the papers dealing with 
exocyst in yeast and mammalian cells places this tethering factor at the PM 
(He and Guo, 2009; Orlando and Guo, 2009). In keeping with this, I would 
maintain that plant EXPO are exocytic in function. 
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4.1.2 Are EXPO related to Autophagosomes? 
Double membraned structures encapsulating cytosol and organelles are well-
known as autophagosomes which develop in mammalian cells in response to 
starvation (Kirkin et al” 2009; Xie and Klionsky, 2007). Much smaller 
structures are also present as cytoplasm to vacuole targeting (Cvt) vesicles in 
wild type yeast cells (Baba et al., 1997), but enlarge to form autophagosomes 
upon nutrient depletion (Kraft et al., 2009). Autophagosomes have also been 
reported in plants (Bassham, 2009). Their origin has been something of a 
mystery for a number of years see reviews from (Reggiori, 2006) but recent 
EM tomography studies on mammalian cells have provided evidence for a 
connection to the ER (Hayashi-Nishino et al., 2009; Yla-Anttila et al., 2009). 
Normally autophagosomes ultimately fuse with a lytic compartment: the 
lysosome or the vacuole. However, two very recent papers have reported on 
the autophagosome-mediated secretion of acyl coenzyme A binding protein 
(Acb) which occurs when yeast or Dictyostelium cells are starved (Duran et 
al” 2010; Manjithaya et al” 2010). These autophagosomes apparently fuse 
with recycling endosomes in a GRASP- (Golgi reassembly and stacking 
protein) dependent manner, the resulting multivesicular carriers then fuse with 
the PM. EXPO and their fusion with the PM in plants differ in several 
respects: firstly they do not label with FM4-64 unlike yeast autophagosomes 
(Joumo et al., 2008), secondly they fuse directly with the PM, thirdly their 
presence in normal growing cells indicates that they are not starvation-
induced. On the other hand, the presence of AtExo70E2 on both the inner and 
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outer membranes of the EXPO suggests that EXPO developes like an 
autophagosome by starting out as a phagophore-like structure. Such a 
structure is exposed to the cytosol on both membrane surfaces, to which 
AtExo70E2 would attach. Upon closure of the "phagophore" an 
autophagosome-l ike structure would be formed with AtExo70E2 on both the 
cytosolic surface of the outer membrane as well as the inner surface of the 
inner membrane . 
4.1.3 EXPO and exosomes: agents of unconventional secretion 
Vesicles released from cells are termed exosomes. Usually, they are expelled 
to the cell surface through fusion of multivesicular endosomes, a phenomenon 
well-described in mammalian cells (Fevrier and Raposo, 2004; Simons and 
Raposo, 2009), but also reported in plants (An et al., 2007). Whereas clear 
functions have been ascribed to this form of unconvential secretion in 
mammals e.g recycling of transferrin and in receptor (Harding et al., 1984; 
Pan et al” 1985), antigen presentation (Denzer et al” 2000; Van Niel et al” 
2003)，the nature of the molecules released through MVB-PM fusion in plants 
in still unclear, although there seems to be a connection to the plant pathogen 
response (An et al” 2007). Broadly speaking, the internal vesicle of the 
EXPO, when released into the apoplast through fusion of the EXPO with the 
PM is also an exosome. 
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4.2 Future perspectives 
Generation and preliminary characterization of transgenic Arabidopsis and 
tobacco BY-2 cell lines expressing AtExo70E2-GFP is the first step for me to 
study plant exocytosis. Characterization on these transgenic cell lines has shed 
lights on the identity, structure and functional role of EXPO in plant 
exocytosis. Future studies on EXPO will generate new information about the 
molecular mechanisms of plant exocytosis. 
First，the identity and nature of EXPO can be studied in transgenic cells 
expressing AtExo70E2-GFP via immuno-isolation. Further proteomics 
analysis on isolated EXPO will illustrate the molecular components of EXPO 
and thus its function and origin. 
Second, the functional roles of EXPO can also be studied via pull-
down assay. Using AtExo70E2 specific antibodies or recombinant 
AtExo70E2 proteins in immunoprecipitation assay, putative interacting 
partners of the EXPO or AtExo70E2, especially the cargo proteins, can be 
identified and characterized for their roles in plant exocytosis. 
Third, the localization of EXPO can be specifically affected by the 
chemical compound P2C02, but the molecular mechanism remains unclear. 
Both biochemical and immunocytochemical approaches can be used to study 
the molecular mechanism of this specific effect. 
The ultimate goal of my future study is to illustrate the molecular 
mechanism of plant exocytosis via studying the origin, molecular components, 
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and fonctional role of EXPO in the plant cells using a combination of 
proteomic, molecular and cellular approaches. 
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